cataloged  by  DOi 

AS  AD  No.  4  0 


PJO-U-  62-1 684/1  ■»2 


UNEDITED  ROUGH  DRAFT  TRANSLATION 


NEW  APmATUS  TO  STUDY  THE  KINEMATICS  Of  MOVINQ  OBJECTS 
BTi  Y.  K*  ISorgunoT 

English  Pages  I  11  l 

SOURCE  I  Russian  Periodical^  Izvestlya  Slhlrskogo 

Otdelenljra^  AN  SSSR,  Nr  ^2,  I96I,  pp  30-3( 


S/200-61-0-12 


THIS  TSANSLATtON  IS  A  SENDITION  OF  THS  OSISli 
HAL  FOREIGN  TEXT  WITHOUT  ANY  ANALYTICAL  OR 
EDITORIAL  COMMENT.  STATEMENTS  OR  THEORIES 
ADVOCATEDORIMFLIEDARETHOSEOFTHE  SOURCE 
AND  DO  NOT  NECESURILY  REFLECT  THE  POSITION 
OR  OPINION  OF  THE  FOREIGN  TECHNOLOGY  DL 
VISNNL 


TRANSLATION  SERVICES  SRANCN 
FOREIGN  TECHNOLOGY  DIVISION 
WF.AFS,OHIO. 


Date^^  19 


FTD-TT-  62-1684/142 


B 


New  Apparatus  To  Study  the  Kinexaatics  Of  Moring  Objoeta 


I 

Whaa  conducting  aciontifie  inrcdtigationa  it  often  bacemas  neeasaary  to  dt-^ 

! 

tarfflina  tha  kineaatie  alamanta  of  moring  objects#  And  such  objects  can  be  a  noving 

I 

ship*  •  floating;  lea  fiald*  li]rdraastrie  floats  ate* 

i 

Tba  basic  data  for  tha  obtaiioent  of  kinamatie  alaments  ara  DOTaaeBts  at  objaets 

I 

in  the  function  of  tina.To  fix  tha  8tep»bgr»stap  positions  of  a  menring  objaet  at  pra- 

I 

aant  tine  ara  basically  used  geodetic  mathodst which  offer  sufficient  accuracy  in  ds'* 
tarmining  tha  speed  at  greater  tion  intarfala  between  the  intersection#  With  an  in 

crease  in  the  frequency  of  interaeotiona  there  is  a  rise  in  relatiTs  error  of  tba 

i 

neesured  moTexaenta#  and  conaaquently  also  in  tha  speeds# on  account  of  tba  errors  dur* 
to  inaccuracy  of  sighting  the  instrument  toward  the  obserred  point  of  the  object  in 
ratio  to  its  moTenont#  Consequently  in  the  giren  eaae  the  accuracy  of  the  instruBiants 
is  not  brought  to  full  utilization#  In  many  instances  geodetic  methods  ara  generally 

j  , 

uoacesptable  as  result  of  Insufficient  frequsney  of  interseotions  (2«4  intersaetioas 
par  BlBttta)* 

ConaeQuantlj*  when  it  beecDss  nacsssary  to  more  frequently  determine  tha  spaed 
of  a  Boring  objaet  motion  pietura  la  qtiita  frequently  employed*  Heaauring  the  displmee- 
manta  of  a  pietura  of  an  object  on  motion  pieture  film  by  a  definite  number  of  frmiiies> 

f  _ 

t  '  • 

inmwiag  the  fTaquoney  of  the  photograiMng  and  taking  into  eansidaratioii  tba 
seals  of  tha  imaga  *  is  found  the  law  of  motion  of  tha  object*  and  than  tha  spaed 
and  aeealaration  aa  a  fUnetion  at  time* 

But  In  many  inataneas  motion  pietura  taking  does  not  offer  tha  naeasaary  aeott* 
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raegr  vhea  InTcstlgatlng  the  klaaaatles*  aaall  dliaeaaioaa  of  tha  loaga  on  tba  aoiloa 
pletiira  filna  raqulra  greater  aagnlfieatloa  on  tbo  eereen  or  under  tha  aeaauring 
aierosoopei  whloh  leads  to  unelaarnass  aa  result  of  llsdted  resolring  power  of  tho 
notion  picture  eaasra  Ians  and  filn  eaulsiont  and  also  its  granularltgr.  Unelearaasa 
leads  to  errors  and  does  not  allow  to  reTsal  snail  aoeeleratlons  of  the  object  with 
neeassarx  aeeurasx*  I 

SoaetiBas  notion  picture  taking  has  to  be  dona  under  oonditions  at  which  tha  angla 

I  ; 

between  the  optical  axis  of  the  objeotire  (lena)  and  tba  trajectory  of  motion  of  tha 
•  » 

object  is  considerably  different  from  To  obtain  in  this  ease  an  eguiseala  condition 

i 

along  tha  line  of  motion  of  tba  object  on  the  photo  it  must  be  transformed,  which  sust 
be  dona  graphically,  which  OTen  more  reduces  tha  accuracy  of  results^Biototransforaation 
in  the  giren  ease  is  generally  rery  difficult,  because  it  requires  a  number  ; 

of  prints  for  individual  frajoas,  ^ 

The  accuracy  decreases  also  on  account  of  tesQwrature  and  shriidcaga  daforaation  . 
of  the  film  material«After  expiration  of  a  certain  time  as  result  of  aging  and  irra)>»'' 
lar  shrinkage  of  the  film  it  is  no  longer  suitabla  for  measuring  processing, 

Ve  must  also  mention  the  trouble  and  difficulty  in  measuring  displacements  by  in' 
dividual  mmsrous  franss. 

To  allminats  all  these  daficiaioies  tbs  author  introduced  a  *  photo  eamera  for  pho^«* 
graphing  a  moving  object  *  (ihteat  applieation  No,  127574  dated  June  17,  1S!59)*  ^ha 
given  apparatus  allows  to  obtain  on  one  glass  nsgativs  of  large  form  a  sequence  of 
images  of  a  moving  object,  photographed  atonmtiMlly  within  uniform,  preset  tims  inter¬ 
vals. 

This  apparatus  has  a  series  of  advantages  in  comparison  with  the  motion  picture 
casMra  used  for  that  purpose.  The  asployment  of  a  long  focus  lens  and,  oonsequA-tly,  much 
larger  dlaansiona  of  photos  allow|  at  all  other  conditions  being- equnl*  to  increase 
the  acouracy  of  siaasuring.  This  oircumstanes:,  that  the  step-^-step  Inagaa  of  the 
object  are  printed  on  one  photo,  offers  the  possibility  of  making  on  the  phots  the 
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tnjectcrj  of  laotioa  of  tho  object  aod  reduce  the  meaauremeat  of  dieplaeeaeate  to 
aeaeuring  the  diatanoea  between  adjacent  ijnagsa  of  the  obJect«  aa  result  of  which 
is  obtained  a  single  chain  of  dlBcnalonat  connecting  all  road  inorenanta#  This  alao 
considerable  raises  the  accuracj  and  ccmsiderabl/  reduces  the  effort  in  measuring  pro* 
ceasing  of  photos^  and  when  necesaary  it  allows  easy  pbototransfoonsation  of  pictures# 

The  emplcsoent  of  glass  nef^tlTes  eliminates  shrinkage  of  aame  with  tbs  espication 

i 

of  tlBOa 

I  ‘ 

I  1*  Arrai]{teiMn.t  of  tlM  opporatoo 

I 

In  giren  a  acheaatle  drawing  of  apparatoa  arrangamant.  On  tha  ferward  wall 

I 

of  tha  rigid  eaaara  1  ia  situated  lana  2  with  eantral  ahattar  3*  Vhen  photographing 
tha  shnttar  opans  autooBtiaalljr  within  agoal  tiaa  Intarrals  with  dafinita  azpoaura* 
lha  ahuttar  is  aetiwated  by  a  sparing  iMohaniaB.  4  throng  oaa  5* 

In  tha  ismadlata  Tieinitgr  in  front  of  tha  photo  plata  6  ia  situated  a  li^^t  iapav- 
naabla  elaatio  aeratfi  7  vith  wertioal  slot  8«  which  can  ba  movad  along  the  photo  plato 
hjr  turning  hmdla  9  raamabla  panel  10  and  than  throuf^  a  flazibla  roller  11« 

eonieal  gaars  12  and  Tartieal  roller  23  on  idiieh  screen  7  is  fitted* 

it  tha  top  of  tha  apparatus  la  a  looking  dawiea,  eonaisting  of  a  forward  alerting 
fraiaa  14  and  numibla  reticula  15*  Hm  alning  frama  ia  fastened  orar  the  rear  junction 
point  of  tha  Ians.  Moramant  of  tha  reticula  ia  simultanaona  with  tha  aoranant 
of  slot  8  with  tha  aid  of  elastic  baud  l6*  wound  on  rollers  17*  hawing  idsntieal  dia- 
nstar  aa  rollers  13  •  Thanks  to  this  arrangsooKt  at  any  glwan  position  of  the  railculo 
its  axis  eoinoldaa  accurately  with  tha  axia  of  the  Tartieal  slob* 

.  To  record  tha  oharaetariatie  nonanta  in  tha  proeasa  of  photographing  or  to  agrn 
ebroniza  with  other  obaarrationa  tha  apparatna  is  proridad  with  a  tian  Barker  •consist'* 

I  ■ 

lag  of  alaotrie  light  18  in  housing  19*  Whan  prassurs  ia  applied  in  tha  nacasaary 
■ODent  against  button  20  at  the  edge  of  tha  photo  plata  ia  illuodaatad  a  Bpot*a«uil 
to  tha  width  of  tha  slot* 

, 

Jot  photographing  tha  apparatus  is  set  on  a  tripod  so  that  its  optical  axis  is 
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perptadieular  to  the  trajaetoory  of  motion  of  tha  obJaat«  otharviaa  phototranaformBticn 


of  pieturaa  la  nacaaauy« 

At  tha  noaent  of  photographiiig  ia  aetiratad  a  airiag  aeehaiiiam  and  tha  ahattaff 
takaa  autonatic  pieturaa  within  aqoal  tlma  intarrala#  Tha  task  of  tha  obaarrar  ia 
to  laora  tha  ratlcula  25  ^  turning  handle  9  on  tha  diaaountahia  panal^follow  throuC^ 
tha  locking  darlea  tha  moring  object  and  keep  it  all  tha  tima  in  the  field  of  Tiaioo 
of  the  forward  sitting  frame  14* 


s 


7ig,l*  Schaaatie  dXBwlns  of  apparatus  arraageaeiit 


Tbs  Inaga  of  tha  objaot  oa  the  photo  plats  will  ba  aituatad  all  tha  tiM  withia  tha 
bouadariaa  of  slot  8  which  allows  to  photograph  8Ubsoqpoa.t  ioaeas  of  tha  objact  oo 
ona  photo  plata.  And  so,  in  tbs  moosnt  tj^  tha  object  occupied  position  A  and  in  tbs 
mesmt  t2  position  B*On  tba  photo  plate  are  obtained  corresponding  ioagas  a  and  b« 
Tha  width  of  tha  slot  is  fizad  baf  orahaad  accerdiag  to  foomnla 


. - -  _itisa  =  . . 

: _  ^  ;  8  »  !,»,  _ 

where  d  •  width  of  slot  (an)!  axpaotad  least  8paad,whleh  the  chjaat  has  at  tha  time 
of  photographing  (in/saei  7-  focal  distanoa  of  canara  lens  (on),  distanos  to 
photo  object  (a)  I  w«>fraquan«7  of  photographing  (exposures  par  sae)|  n  •>  pamissibla ; 
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number  of  exposures  fear  one  sod  the  same  place  of  the  photo  layeor* 

Ihe  magiitiile  n  depeoda  upon  the  gualitp  of  the  photo  nsterials  and  upon  the  eoar 
ditlons  of  hack^ouzid  and  object  llluiaination*  At  a  dark  background  and  bright  object 
a  can  be  allowed  to  5*7*  at  a  brle^t  background  and  dark  object  n  can  egual  2-'3«  The 
negatlTes  obtain  an  optical  denslt3r*allowlng  the  neasuremast  of  displaeamsats# 

Measurement  of  diaplacemoLts  by  obtained  photos  in  dependence  upon  the  required 

accuracy  can  be  made  directly  on  the  nag^tiTes  on  a  measuring  sderoseope  or  with  the 

( 

aid  of  a  measuring  magnifier  with  0*1  nm  graduation  scale*  The  speed  of  the  object  is 

I  ■  ■  ■  ■  ■ 

detendned  by  fonala 

I  ^t  “  ^ 

where  T.^peed  of  the  object  at  the  monent  of  time  (ii^see)|  distance  between  ad-. 
Jaoent  images  of  the  object  <»  the  photo  (cin);^t  -  time  interval  between  time  expo* 
sored  of  the  photo  (sec)}  1^  distance  to  obJeet*measured  by  optical  axis  (ai}| 

I 

T^oeal  distance  of  camera  lens  Cob)* 

Having  calculated  for  each  moTvent  the  magnitude  of  the  speed*it  is  i>ossible  to 

obtain  the  change  in  speed  as  a  function  of  time*  and  then  go  over  to  acceleration# 

2.  EiBSQ)le  of  Qsplqylng  the  Apparatus  and  JBossible  Fields  of 
Its  Application* 

At  the  lee-Iheimal  lab  of  the  l^ansportation  Power  Inst*S0  of  the  Aeadengr  of 
Sciences  HSS  was  prepared  an  experimental  sample  of  the  proposed  apparataa*The  e« 

Biera  had  a  1«bs  with  a  focal  distance  7  «  ™  and  gives  an  image  on  a  plats  with 

a  dimension  of  18  X  24 

Ihe  creation  of  the  apparatus  was  dua  to  the  need  of  raising  tha  aoeuraoy  of 
msasurisg  tha  rate  of  notion  of  ice  fields  during  their  actions  agaixtst  bridge  supports 
at  tha  time  of  spring  lee  movements  on  rivers*  The  obtained  data  served  as  basis  for 
ealeulatijag  the  na^iitade  of  dynamic  pressure  of  tbs  iee  against  the  eonstruotion  by 
kinematlo  method  of  X,3!^Xcrzhavina  jl*  ^*  For  this  purpose  the  camera  has  been  success 
fully  used  in  many  instances  along  the  rivers  of  Siberia  *  and  to  observe  the  Spring 
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ice  mcrrmeatB  in  the  region  of  the  Cratok  ^roeleetrie  Fewer  Station  which  ia  under 
censtruetion* 

A  photo  of  an  ice  floe*  approaching  toward,  a  bridge  aupportt  va-  aada  fron  shore  cr 
adjoining  support*  In  the  latter  ease  the  photos  were  subjected  to  phototransfov- 
mation*  As  reference  points  on  the  ice  floes  were  special  surrsTing  rods«vhieli ' 
latinehed  bgr  a  catapult  to  the  fleeting  ice  blocks  from  a  distance  of  up  to  180  a 
axid  vers  rammed  into  the  ios* 

i  .  ..... 

At  a  distance  between  cenara  atid  line  of  motion  of  tba  surreylng  stick  of  150  a 
!  *  ^ 

azvi  photographing  frequency  of  one  exposure  per  second  the  mean  square  deidatioa 

on  the  rate  of  motion  0Paphs  of  the  ice  floes  in  the  function  of  time  vaa  0»012 
!  ! 
which  character izea  a  sufficiently  high  accuracy  of  resulta^  attainable  with  the  all 

of  the  apparatu^sing  ordinary  geodetic  methods  or  by  motion  picture  xhotographJbig 

I 

it  is  impossible  to  obtain  such  an  accuracy# 

In  fig^  is  giTsn  a  fra^nent  of  a  surveying  rod  photo#  obtained  with  tba  aid  of 
tha  apparatus#  Ihe  photo  was  made  to  determine  the  rate  of  motion  of  an  ice  fieU 

j 

during  its  effect  on  e  bridge  support* 

The  apparatus  can  also  find  application  in  a  number  of  other  branches  of  seisor 
tiflo  imrasti^tioas,  particularly  to  measure  surfaea  rata  of  flow  in  the  ossa  wham 
it  ohanges  intensively  along  tha  flow  and«  eonseqpeotly*  and  mora  fraqiiient  notehlngs 
CmarkiDgs)  of  poslticnu^of  th^iiydrcnetrie  float  anneeaasary.  thing- which  geodatla 
instnsDants  cannot  accomplish*  Such  an  instance  may  take  place  for  example  during 
hydraulla  investigations  at  hydrbtachnleal  Installetionsaln  fig*3  is  given  a  photbr- 
of  a  anall  ice  f loa*  serving  as  float  whan  datermlnlng  the.  rata  onflow*  As  result 
of  measuring  on  ths  photo  it  is  possible  to  detect  even  slight  changss  in  tha  rats  ' 
of  fliow  along  ths  straam  • 

At  various  tyvea  of  inertia  testing  of  ships  comes  up  ths  nscessity  of  acouratsly 
firing  ths  change  in  speed  of  tha  ship  with  respect  to  the  8horss*TTp  until  now  ths  . 
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apeed  of  a  ahip  at  sueh  iixvesti^tiona  vaa  datorodiiad  ty  fixing  tha  sasant  the  ahip 
poaaea  through  flood^gataa  »  brokan  dovn  on  tha  shooraa,  or  hy  marking  frcn  ahora  tha 
inatantanacua  positions  of  tha  £hip  within  definite  time  intarrala  by  means  of  gaoda«^ 
tio  instrumental^  •  Saeh  mathoda  do  not  aasura  naoasaary  aecuraey  and^  vhat  ia  of 

spaeial  importanoot  they  hara  a  limited  notching  frequency*  Geodetic  laathoda  do  not 

i 

at  all  satisfy  tha  raqulremoxta  of  testing  hi^  speed  shipa,e*g«  of  tha  *Rookat  *  type 

j 

on  undorvatar  vings  and  othara,  when  to  roraal  all  the  details  in  ehanga  in  speal 

I 

fteq;iient  notdiings  are  required  (l^iS  per  aeecod). 


Flg«2«Hu>to  of  eurreylng  rods  (two  rods  in  line) (Placed  tm.  norlng  lee  flos 
SUbaegusiit  positions  of  the  rods  along  the  axis  of  bridge  STipports*Ihoto^lliad 
at  a  fraq^enay  of  one  ezposura  per  eeoood* 

Vith  the  aid  of  the  proposed  apparatus  it  is  easy  to  obtain. kinema tio  aleoents  of 
tastad  ahip  at  desired  photoeprajhlng  frequency*  Ihls  extremely  alnpUfies  the  nators 
of  field  Imrestlgationa*  sinoa  the  photographing  can  ha  dona  hy  oos  parson* 

In  1899*1900  loe  investigations  were  made  hy  the  leebreakar  "IhriiBk**  Hiring 
thaae  investigations  acadeoiTlan  A*N(Erylov  determined  the  resistanos  of  the  lea  eovsv 
to  the  movement  of  the  icebreaker  by  an  inertia  method*  For  this  was  made  a  aotlon 
piotura  filB*approaehing  the  edge  of  an  lea  field*  By  tbs  data  of  the  motion  pietovo 
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Fig«3«Ihoto  of  flcatln^  iea  block  to  detemino  rate  of  flcN.RiotQcpNiilMd  at  a 
freqaancy  of  ana  azpoaora  par  aaeonl* 

filjBs  was  found  the  speed  of  the  ioebreakar  in  the  fcsction  of  tlae«  vtaieh  ambled  to 
find  aecalaratioa  and  at  knovn  mass  of  the  icebreaker  to  t^etanaina  the  raaiatanee 
nitnda  of  the  lea  to  the  movement  of  tha  icabreakar^^* 

This  method*  but  vith  a  mnch  improrad  motion  picture  eaaara*  isnsad  iv  to  tl^s  day* 
But  the  difficulty  of  photo  0»phle  and  measuring  motion  pietnra  films  (at  low  accuracy 
of  obtained  results)tdoes  not  allow  to  conduct  mass  observations  of  this  typa*  so 
needed  for  the  aecinailatioa  of  factual  data*  vhidi  appears  to  be  the  hesis  for  reasom 
able  planning  of  ice  breakers^ 

Using  the  proposed  camera  for  purpose  will  enable  at  inconsiderate  loss  of 
t<«iii,TnoAn«i  and  labor  to  obtain  data  on  the  ice  load  a^dnst  the  ieebvcakar  vith  greatav 
accuracy*  ihoto^aphie  and  atetering  processing  of  photos  can  be  dons  on  board  ttic  ship 
and  hsre*vithin  1*5  to  2  hoara*to  obtain  tent  results*  lhanfcs  to  this  it  appears  to 
be  possible  to  change  over  from  single  to  mass  investigations  of  various  iesbreskars 
and  under  different  eonditione  of  iea  floetingi  InrolTLng  in  this  tadc  tiie  englasMP- 
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lag  poraonnel  of  the  8hip«  atd  this  will  allow  vlthlB  a  short  tijw  to  gather  a  greater 
master  of  factual  data  oa  ioa  loads  against  the  body  of  leabreakars* 

She  oaaera  can  appear  to  be  useful  also  for  tha  obtainasnt  of  klnenatie  alamoata 
of  aerial  observation  objects^ particularly  the  moraasnta  of  an  aircraft  at  Tariooa 

I 

fli^t  conditions.  Ihklng  into  consideration  tbs  greater  speed  of  aixerafttthe  photo* 
graxMng  can  be  done  with  a  fre^enoy  of  several  exposures  per  second.  In  all  thaao 

j 

instaneas  the  photos  appear  to  be  documental  iaaterial.whieh  can  then  be  subjected  to 

I 

datailad  ^  , 

.  At  the  pneaeat  day  struetoral  desi^i  tho  camera  can  find  applioation  la  maoy  other 

I 

branchaa  of  scieatifi&^researeh  operatlcms  when  obserritig  uader  natural  and  labcratcvy 

I  * 

oonditiooa  as  well. 


I  Conolasiioaa 

la  A  xrineipally  new  method  is  introduced  for  photographing  moving  objects  with  the 

i 

aid  of  a  special  camera*  Ihe  camera  allows  to  obtain  on  one  photo  of  large  size  a 
saqjuenea  of  imagea  of  a  moving  object*  photographed  autcoatieaUy  within  equal  tlaa 
inter  Tala* 

2*  large  dimensiona  of  the  photo*  as  wall  as  the  eiroumstanoe*  that  aubaaqpmt 
images  of  the  object  are  fixed  on  one  photo*  allow  to  greatly  inereasa  the  aoeurao^P’ 
of  measurements  in  ecoparison  to  the  motion  picture  film  used  for  that  purpose* 

3*  It  a  suitable  structural  design  the  camera  can  find  application  in  rarlous 
branches  of  seientifie>researeh  investigationa*  as  for  example*  in  hydrology*  and 
hydraulies*whan  testing  motional  qu£d:ltie8  of  ships*  in  aviation  ate*  in  natural  and 
in  lab  eonditiona  as  wall* 
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DISTRlBUnON  LIST 


OEPAR1MENT  OF  DEFENSE  Nr.  Copies 


MJUOR  AIR  COMMANDS  Nr.  Copies 


IIEADQUARIERS  USAF 


AFCIN-3D2  1 

ARL  (ARB)  1 


OTHER  AGENCIES 

CIA  1 

NSA  6 

DIA  9 

AID  2 

OTS  2 

AK  2 

PUS  1 

NASA  ^  1 

ARMY  (rare)  3 

NAVY  3 

Nunc  1 

RAND  1 

AFCRL  (CRXLR)  1 


AFSC 


SCFDD  1 
DDC  25 
TDBTL  5 
TDBDP  5 
AEDC  (AEI)  1 
SSD  (SSF)  2 
APGC  (PGF)  1 
ASD  (ASYIM)  1 
ESD  (ESI)  1 
RADC  (RAI)  1 
AFMTC  (MTU)  1 
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